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Helically coiled tube Once-Through Steam Generator (H-OTSG) is widely adopted in 
advanced small modular reactors (SMR) and other industrial heat exchange 
equipment for its compactness, enhanced heat transfer efficiency and capability of 
accommodating thermal expansion. Under certain working conditions, two phase flow 
instability that endangers safety of plants can occur in the secondary side of H-OTSG. 
To ensure safety of reactors, it is essential to analyze flow instability phenomenon in 
H-OTSG and avoid its occurrence. 
The majority of current codes to investigate flow instabilities in steam generators 
focus on straight tubes or U-tubes. These codes are not applicable to H-OTSG. 
Uniform heat flux boundary is usually employed in the calculation of these codes and 
the non-uniform heat flux boundary of the real heat transfer process in steam 
generators tends to be ignored. To investigate flow instabilities in H-OTSG more 
precisely, code dedicated to analyze flow instabilities in helical tubes needs to be 
developed. 
A special Fortran code to analyze density wave oscillations (DWO) in H-OTSG 
was developed based on STEAMFREQ which adopts single variable linear frequency 
domain methods to predict DWO in straight tubes. The mathematic models in the 
code, including the heat transfer and pressure drop models were modified for helical 
geometry. In the development process, modules to analyze helical geometry were 
added, the heat transfer medium was replaced and the calculation methods were 
optimized. The capability of STEAMFREQ-H on steady state calculation were 
verified by comparing to the design data of SMART. Steady state calculation and flow 
instability analysis were carried out with STEAMFREQ-H, focusing on a typical 
H-OTSG in SMR under development in China at the present. Parametric effects on 
DWO in the H-OTSG were analyzed based on different Nyquist curves, main 
influence factors of DWO were classified and solutions to eliminate DWO in the 















3.2 code was employed to simulate DWO phenomenon of H-OTSG in time domain. 
By comparing results of STEAMFREQ-H and RELAP5/MOD 3.2, the frequency 
domain code was verified and the capability of RELAP5/MOD 3.2 to simulate helical 
tube was evaluated. 
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d 管道内径 (m) 希腊字母 
d0 管道外径 (m) α 螺旋上升角 (°) 
D 螺旋直径 (m) ρ 密度 (kg/m3) 
DH 水力直径 (m) λ 热导率 (W/m·K) 
De 迪恩（Dean）数 (-) σ 纵向相对间距，σ = p / d0，(-) 
f 摩擦系数 (-) μ 动力粘度 (Pa·s) 
fc 螺旋管摩擦系数 (-) δ 壁厚 (m) 
fs 直管摩擦系数 (-) Δ 壁面粗糙度 (-) 
G 质量流速 (kg/(m2·s)) Δp 压降 (Pa) 
h 对流换热系数 (W/m2·K)   
L 加热段长度 (m)   
Nu 努塞尔（Nusselt）数 (-) 下标 
p 螺旋管节距 (m) cr 临界 
P 系统压力 (Pa) f 饱和液 
Pr 普朗特（Prandlt）数(-) g 饱和蒸汽 
q 热流密度 (kW/m2) w 在壁面温度下 
Re 雷诺（Reynolds）数 (-) in 入口 
u0 全液相速度 (m/s) ex 出口 
um 水平均流速 (m/s) N 一次侧流体 
x 质量含汽率 (-) W 二次侧流体 
T 温度 (C) u 未加热段 
A 面积 (m2) s 过热段 
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至 2016 年 12 月 31 日，我国已投入商业运行的核电机组共 35 台，运行装机容量
为 3363 万千瓦，占全国电力装机约 2.04%。核电发电量约占全国总发电量的
3.56%，远低于当前全球核电占比 10.7%的平均水平[3]。发展核电对我国突破资
源环境的瓶颈制约，实现绿色低碳发展具有不可替代的作用[4]。根据我国电力发
展“十三五”规划，十三五期间，全国核电投产约 3000 万千瓦、开工 3000 万千



















































































在小型模块堆中得到了广泛的应用。韩国的 SMART，美国的 IRIS、NuScale 以
及俄罗斯的VBER-300和KLT40S等都采用了螺旋管式直流蒸汽发生器作为小型
模块堆的换热装置[7]。 
SMART（System-Integrated Modular Advanced Reactor）是韩国设计的一体化
小型模块堆。SMART 的反应堆冷却剂系统采用了一体化的布置方式，包括 8 台
























图 1.1 SMART 压力容器示意图[8] 
 
IRIS（International Reactor Innovative and Secure）是由美国能源部领导多国
共同设计研发的新型反应堆，功率为 335MWe。IRIS 的设计以成熟的压水堆技术
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